Background: This study was conducted to provide a comparison between the clinical outcomes of primary percutaneous coronary intervention (PCI) and that of fibrinolysis followed by routine invasive treatment in ST elevation myocardial infarction (STEMI). Methods: A total of 184 consecutive STEMI patients who underwent primary PCI or fibrinolysis followed by a routine invasive therapy were enrolled from 2004 to 2011, and their major adverse cardiovascular events (MACEs) were compared. Results: Among the 184 patients, 146 patients received primary PCI and 38 patients received fibrinolysis. The baseline clinical characteristics were similar between both groups, except for triglyceride level (68.1±66.62 vs. 141.6±154.3 mg/dL, p=0.007) and high density lipoprotein level (44.6±10.3 vs. 39.5±8.1 mg/dL, p=0.005). The initial creatine kinase-MB level was higher in the primary PCI group (71.5±114.2 vs. 35.9±59.9 ng/mL, p=0.010). The proportion of pre-thrombolysis in MI 0 to 2 flow lesions (92.9% vs. 73.0%, p<0.001) was higher and glycoprotein IIb/IIIa inhibitors were administered more frequently in the primary PCI group. There was no difference in the 12-month clinical outcomes, including all-cause mortality (9.9% vs. 8.8%, p=0.896), cardiac death (7.8% vs. 5.9%, p=0.845), non-fatal MI (1.4% vs. 2.9%, p=0.539), target lesion revascularization (5.7% vs. 2.9%, p=0.517), and stroke (0% vs. 0%). The MACEs free survival rate was similar for both groups (odds ratio, 0.792; 95% confidence interval, 0.317-1.980; p=0.618). The clinical outcome of thrombolysis was not inferior, even when compared with primary PCI performed within 90 minutes. Conclusion: Early fibrinolysis with optimal antiplatelet and antithrombotic therapy followed by appropriate invasive procedure would be a comparable alternative to treatment of MI, especially in cases of shortersymptom-to-door time.
INTRODUCTION
Early reperfusion is a key paradigm in the current treatment method for acute phase ST-segment-elevation myocardial infarction (STEMI). Current guidelines recommend primary percutaneous coronary intervention (PCI) as the preferred reperfusion strategy over fibrinolytic therapy in STEMI [1] [2] [3] . However, timely primary PCIas recommended by the guidelines (door-to-balloon or door-to-instrument time ≤90 minutes) -may not always be available, especially at night. Facilitated PCI is defined as a planned PCI after the administration of medical therapy, such as fibrinolytic therapy or glycoprotein IIb/IIIa (GpIIb/IIIa) inhibitors, and it is supposed to be a good alternative to primary PCI, improving the early coronary artery patency with a reduction of thrombotic burden and myocardial salvage [4] . However, according to the Assessment of the Safety and Efficacy of a New Treatment Strategy with Percutaneous Coronary Intervention (ASSENT-4 PCI) trial and meta-analysis, this method was associated with worse clinical outcome; therefore, planned facilitated PCI after fibrinolysis is not recommended [3, 5, 6] . Sub-analysis from the ASSENT-4 PCI trial showed that facilitated PCI had better a pre-procedural thrombolysis in myocardial infarction (TIMI) when compared with the primary PCI group, but stent thrombosis increased in the facilitated PCI group due to prothrombotic condition after thrombolytic therapy [7] . However, implementation of dual antiplatelet therapy, subcutaneous enoxaparin injection, routine thrombus aspiration, more fibrin specific fibrinolysis agent, PCI with new generation drug eluting stent, and closing device are expected to change the results. In the real world, routine invasive methods such as coronary angiography and PCI are commonly performed on the same day after thrombolysis, even in patients whose symptoms have subsided. Therefore, the present study was conducted to evaluate whether the clinical outcome or lesion-related complications, such as stent thrombosis or restenosis, would be significantly higher in thrombolysis followed by a routine invasive strategy. Moreover, we analyzed particular clinical circumstances that induce thrombolytic therapies that are as effective as primary PCI.
MATERIALS AND METHODS
A total of 184 consecutive acute STEMI patients underwent primary PCI or fibrinolytic therapy with tenecteplase (Metalyze) followed by elective PCI on the same day, between January 2004 and December 2011 at Eulji general hospital. Of the 184 patients, 146 patients received primary PCI and 38 patients received fibrinolysis. In the primary PCI group, patients who underwent cardiopulmonary resuscitation during PCI or on admission were excluded.
Patients were eligible for enrollment if they presented with-in 3 hours of the onset of symptoms, had no evidence of acute STEMI on their qualifying electrocardiogram (at least 2 mm in two contiguous peripheral or precordial leads), and could not undergo primary PCI within 1 hour of the first medical contact. Patients who received tenecteplase along with antiplatelet and anticoagulant therapy underwent coronary angiography within 6 to 24 hours of fibrinolysis. Rescue coronary intervention was performed there was less than 50% ST-segment resolution in the single lead with maximum elevation or clinical evidence of failed reperfusion within 90 minutes of fibrinolysis. All patients provided written informed consent.
All patients received a 300 mg aspirin loading dose and a 300 mg to 600 mg clopidogrel loading dose before PCI, followed by daily administration of 75 mg clopidogrel, which was recommended to be continued for at least 1 year. PCI was performed via the femoral approach, and hemostasis of the puncture site was conducted using a closing device. As an antithrombotic therapy for PCI, all patients received 60 mg enoxaparin (Clexane) 60 mg before and after PCI during the hospital stay (within 7 days), and unfractionated heparin 50 U/kg prior to PCI for the first hour. Tenecteplase was administered in a weight-based dose (30 mg if the weight was 55 to <60 kg, 35 mg if the weight was 60 to <70 kg, 40 mg if the weight was 70 to <80 kg, 45 mg if the weight was 80 to <90 kg, and 50 mg if the weight was ≥90 kg) and was combined with low-molecular-weight enoxaparin (30 mg intravenous bolus followed by subcutaneous injection of 1 mg per kilogram of body weight [0.75 mg per kilogram for patients ≥75 years of age] every 12 hours) except for patients 75 years of age or older, in whom the intravenous bolus was omitted. In cases with no-reflow or visible thrombi, adjunctive GPIs were administered at the discretion of the primary physician.
Diagnostic angiography and PCI were performed through either the femoral or radial artery after the administration of unfractionated heparin (70 U/kg to 100 U/kg). Patients received unfractionated heparin to maintain the activated clotting time of >250 s during the procedure. Stents were deployed after a prior balloon angioplasty, and the use of cilostazol or glycoprotein inhibitors was left to the discretion of the individual operator.
Rather than utilizing the artheroablative devices, a simple pre-dilation was performed to obtain an adequate luminal diameter, which was necessary to accommodate the unexpanded drug eluting stents and their delivery system. Thrombus aspiration was performed in patients who had visible thrombi or slow distal flow (TIMI 0-2) after ballooning or stenting.
Successful PCI was defined as the achievement of an angiographic residual stenosis <30% in the presence of TIMI blood flow grade 3. During the in-hospital period, patients received medical treatment, including beta-blockers, angiotensin conver ting enzyme inhibitors or angiotensin II receptor blockers, calcium channel blockers, and statins. After discharge, patients were encouraged to continue the same medication they were receiving in the hospital, except for intravenous or temporary medications.
We compared the major adverse cardiovascular events (MACEs) during a 12-month period between the two groups, which included all-cause mortality, non-fatal reinfarction, target lesion revascularization, and any stroke. We also evaluated their long-term clinical outcomes and survival rates. All statistical analyses were performed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA) Continuous variables were expressed as the mean±standard deviation and compared using a Student's t-test. Cox proportion hazard regression analysis was used to evaluate the survival rate.
Categorical data were expressed as percentages and compared using chi-squared statistics or Fisher's exact test. A p-value of <0.05 was considered statistically significant.
To adjust for potential confounders, propensity score matching analysis was conducted using the logistic regression model, which tested the propensity to have facilitated PCI after fibrinolysis treatment in STEMI patients rather than primary PCI. We tested all available variables that could be of potential relevance; namely, age, sex, symptom to door time, peak troponin T, low density lipoprotein, diabetes mellitus, hypertension, smoking, and left ventricular ejection fraction. The logistic model by which the propensity score was estimated showed the predictive value well (C-static=0.648).
RESULTS
The baseline clinical characteristics showed that age was similar in both groups (60.5±11.7 vs. 57.0±12.2 years, p= 0.111), the initial levels of creatine kinase-MB (CK-MB) were higher in the primary PCI group (71.5±114.2 vs. 35.9±59.9 ng/mL, p=0.010), and triglyceride levels were higher in the fibrinolysis group (68.1±66.6 vs. 141.6±154.3 mg/dL, p= 0.007). Previous medications, including aspirin, clopidogrel, beta blocker, and lipid lowering agents, were similar between groups ( Table 1 ). Angiographic characteristics showed that the pre-TIMI 0 to 2 flow lesion (92.9% vs. 73.0%, p<0.001) and the use of GpIIb/IIIa inhibitors (35.6% vs. 15.8%, p= 0.019) were higher in the primary PCI group. The proportion of post-TIMI flow grade 3 was similar between groups (85.3 vs. 94.1%, p=0.17) ( Table 2 ). There was no difference in the 12-month clinical outcome, including all-cause mortality (9.9% vs. 8.8%, p=0.896), cardiac death (7.8% vs. 5.9%, p= 0.845), non-fatal MI (1.4% vs. 2.9%, p=0.539), target lesion revascularization (5.7% vs. 2.9% p=0.517), and stroke (0% vs. 0%) ( Table 3 ). Age (odds ratio [OR], 1.054; 95% confidence interval [CI], 1.003-1.106) and current smoking (OR, 3.954; 95% CI, 1.085-14.409) were significant independent risk factors for 1-year MACE, but thrombolysis (OR, 0.696; 95% CI, 0.189-2.566) and primary PCI were not, which was in accordance with the multiple regression analysis after an adjustment of various clinical factors ( Table 4 ). The median follow-up period was 1,650 days (1,653 vs. 1,562.5 days), and there was no significant difference in the long-term clinical outcome between groups ( Table 5 ). Cox proportional multiple regression analysis for MACE free survival, adjusting for other clinical, anatomical, and procedural parameters, also showed no significant clinical difference between the two groups ( Fig. 1, 2 ).
We also analyzed the differences in clinical outcomes between primary PCI with a door to balloon time ≤90 minutes and fibrinolysis followed by coronary angiography. The difference in clinical features was similar to the whole cohort. There was no significant difference in the clinical features, except for the initial CK-MB level. In the fibrinolysis group, symptom-to-door time was shorter without statistical significance. Multivariable Cox regression analysis showed that the facilitated PCI after fibrinolysis had similar incidences of total death, cardiac death, recurrent non-fatal MI, TLR, stent thrombosis, and MACEs than primary PCI. The adjusted clinical outcomes at 1 year also showed that the facilitated PCI after fibrinolysis had similar incidences of total death, cardiac death, recurrent non-fatal MI, TLR, stent thrombosis, and MACEs (Table 6 ). There was no significant difference in the 1-year clinical outcome (Table 7) or long-term MACE free survival between groups. The curve comparing the MACE Time from thromboysis to admission to cardiac catheterization room. PCI, percutaneous coronary intervention; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CK-MB, creatine kinase-MB; LV, left ventricular. free survival between groups is shown in Fig. 1 . The hazard ratio for fibrinolysis followed by PCI was 0.792 (95% CI, 0.317-1.980; p=0.618) after adjusting for age, sex, symptomto-door time, peak troponin T, triglyceride, diabetes, hypertension, and smoking ( Fig. 1 ). Comparison of MACE free survival between PCI (DBT ≤90 minutes) and fibrinolysis followed by CAG was shown in Fig. 2 . The hazard ratio for fibrinolysis followed by PCI was 0.729 (95% CI, 0.256-2.075; p=0.554) after adjusting for age, sex, symptom-to-door time, peak troponin T, triglycerides, diabetes, hypertension, and smoking (Fig. 2) .
DISCUSSION
Based on our analysis, early fibrinolysis followed by routine invasive therapy was not inferior to primary PCI. Most of our recruited patients were collected prior to 2010, and the regulation for door-to-balloon time within 90 minutes was not strongly adapted. Therefore, this cohort includes many cases in which the door-to-balloon time was greater than 90 minutes. However, when compared with patients who received primary PCI within 90 minutes, fibrinolysis followed by routine invasive treatment was not inferior. The fibrinolysis group had a higher proportion of multi-vessel disease and unfavorable lipid profiles. Nevertheless, the initial CK-MB was significantly lower and symptom onset to the first medical contact time was shorter without statistical significance.
Our analysis showed that the primary PCI group had more frequently used GpIIb/IIIa inhibitors when compared with the fibrinolysis group. However, the proportion of post TIMI Comparison of MACE free survival curve between PCI (DBT≤90 minutes) and fibrinolysis followed by CAG. The hazard ratio for fibrinolysis followed by PCI was 0.729 (95% CI, 0.256-2.075; p=0.554) after adjusting for age, sex, symptom-to-door time, peak troponin T, triglyceride, diabetes, hypertension, and smoking. MACE, major adverse cardiovascular events; HR, hazard ratio; PCI, percutaneous coronary intervention; CI, confidence interval; DBT, door to balloon time; CAG, coronary angiography. Fig. 1 . Comparison of MACE free survival curve between the two groups. The hazard ratio for fibrinolysis followed by PCI was 0.792 (95% CI, 0.317-1.980; p=0.618) after adjusting for age, sex, symptom-to-door time, peak troponin T, triglyceride, diabetes, hypertension, and smoking. MACE, major adverse cardiovascular events; HR, hazard ratio; PCI, percutaneous coronary intervention; CI: confidence interval. 3 flow and cumulative incidence of MACE for up to 12 months were similar between the two groups. In 2007, the American College of Cardiology and the American Heart Association guidelines commented that "facilitated PCI using regimens other than full-dose fibrinolytic therapy might be considered as a reperfusion strategy when all of the following are present: (a) patients are at high risk, (b) PCI is not available within 90 minutes, and (c) bleeding risk is low; younger age, absence of poorly controlled hypertension, nor- PCI, percutaneous coronary intervention; DBT, door to balloon time; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CK-MB, creatine kinase-MB; CAD, coronary artery disease; VD, vessel disease; MACE, major adverse cardiovascular events. mal body weight (Level of Evidence: C)". Moreover, the guidelines warned that planned reperfusion strategies employing full-dose fibrinolytic therapy followed immediately by PCI could have adverse effects [3] . The ASSENT-4 PCI trial is the key study supporting the guidelines to not recommend planned facilitated PCI. However, this trial has some limitations. Specifically the authors commented that the optimum antithrombotic co-therapy could not be conducted in the facilitated PCI arm. Because of concern regarding bleeding complications, which might attenuate the benefits of early reperfusion with tenecteplase, infusion of heparin after bolus and up-front loading of clopidogrel with GPI was prohibited, except in bail-out case [6] . They also pointed out that the symptom-to-fibrinolysis time might be too long (median 2.6 hours) to obtain the maximum effects of tenecteplase. Another randomized trial compared primary PCI with facilitated PCI with half dose fibrinolysis and facilitated PCI with only the GpIIb/ IIIa inhibitors. In that study, antiplatelet and anticoagulation therapies were optimally given to all groups, and there was no significant difference in the 90-day mortality [8] .
A recently published randomized trial comparing primary PCI and fibrinolysis followed by routine invasive treatment also showed a different result from the ASSENT-4 PCI trial. A total of 1,892 STEMI patients, who were admitted within three hours of the symptom onset and could not receive primary PCI in the first hour because of admittance were randomly assigned to either primary PCI within one hour or fibrinolysis with tenecteplase, clopidogrel, and enoxaparin before being transported to PCI-capable hospitals. Coronary angiography was conducted within 6-24 hours of fibrinolysis and PCI was conducted in cases of incomplete revascularization.
In the STREAM trial, they reported that composite of death, congestive heart failure, shock, and re-infarction were similar. The rates of stroke were low in the two study groups, but both intracranial hemorrhagic and primary ischemic strokes were more frequent in the fibrinolysis group than the primary PCI group. Following reduction of the dose of tenecteplase in patients 75 years of age or older, there were no cases of intracranial hemorrhage (0 of 97 patients), while there this occurred in 3 of 37 patients (8.1%) in this age group before the amendment. The rate of major non-intracranial bleeding was 6.5% in the fibrinolysis group, while it was 4.8% in the primary PCI group, a difference that was not significant (p= 0.11). The rates of blood transfusions were also similar in the two study groups (2.9% and 2.3%, respectively; p=0.47).
The STREAM trial suggests that if immediate primary PCI is difficult, fibrinolysis with full antiplatelet and anticoagulation therapy followed by a routine invasive strategy within one day might be a good alternative for primary PCI.
Our study population is more similar to that of the STREAM trial than that of ASSENT-4 PCI. Moreover, PCI was not performed immediately as was done in ASSENT-4 PCI (median of 104 minutes), but was instead conducted within 6-24 hours and followed by optimal antiplatelet and antithrombotic therapy. PCI immediately after fibrinolysis is more likely to be exposed to a more prothrombotic environment, which might lead to worse clinical outcomes [7, 9] .
Although fibrinolysis is currently considered a second line therapy for early revascularization in STEMI, many clinical studies have confirmed that it still has an important role in some instances. For example, if prompt primary PCI is not available, fibrinolysis is recommended, especially, if the primary PCI-related time delay is over 120 minutes. Pre-hospital fibrinolysis to reduce ischemic time was also attempted and its effectiveness on in-hospital fibrinolysis was reported by meta-analysis [10] . Gershlick et al. commented that if primary PCI was compared with prehospital fibrinolysis, the result might be different [11] . Second, an open coronary artery does not always mean recovery of the coronary artery because primary PCI is not a simple opening procedure and requires complex drug therapy and other mechanical procedures with high skill. Thus, the results of primary PCI cannot always be the same or predicted. We summarized the reasons for a comparable clinical result in fibrinolysis as follows. After fibrinolysis with proper in-vasive treatment, the residual significant vascular lesion was treated properly. A previous study reported a thrombotic problem in PCI following fibrinolysis; however, in our analysis, thrombotic complications were not significant. This may be because of recent advancements in the antiplatelet and antithrombotic methods, i.e., use of the 2nd generation drug eluting stents. Moreover, invasive treatment was also conducted within one day of fibrinolysis, but it was not conducted promptly as in the ASSENT-4 PCI trial to avoid paradoxical thrombotic crisis after fibrinolysis. The stent size was also slightly larger in the fibrinolysis group. Because of the thrombotic burden and vascular spastic reaction in an acute stage of STEMI, proper sizing of the stent or balloon is difficult, even with an intravascular ultrasound. Proper stent sizing might improve the clinical outcomes in the fibrinolysis group. An earlier start of treatment might be an important factor for this result. Finally, in our analysis all fibrinolysis patients received tenecteplase (Metalyze) as the thrombolytic agent, which is known to be the most fibrin-specific agent, and to cause less major bleeding complications, such as hemorrhagic stroke [12] .
It should be noted that this study had several limitations. First, although there was no significant difference in major risk factors, it was not a randomized study. However, the proportions of dyslipidemia and multiple diseases were higher in fibrinolysis; thus, a comparable result in the fibrinolysis group cannot be due to the favorable baseline clinical characteristics. Furthermore, primary PCI after cardiopulmonary resuscitation or patients who showed cardiac arrest or severe hemodynamic derangement during primary PCI were excluded from our analysis. Second, in this study, patients were enrolled over 7 years, but the number of patients in each arm was significantly less than the number for the duration. The reason that the number of patients in each group is small considering the period as the limitation of study conducted in single center. Finally, the most important limitation of this study was that there were no data describing bleeding events and hemorrhagic stroke, which are major side effects of thrombolytic therapy.
To the best of our knowledge, this study is the first to report a comparable prognosis between fibrinolysis followed by a routine invasive therapy and primary PCI in a Korean population. We did not expect a comparable result between fibrinolysis and primary PCI, or a result that suggested the effectiveness of routine facilitated PCI. However, in the event that a timely primary PCI is not available, early fibrinolysis with optimal antiplatelet and antithrombotic therapy followed by an appropriate invasive procedure may be a good alternative strategy, especially in cases in which there is a shorter symptom-to-door time.
